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[57] ABSTRACT

A projection-type television receiver comprising right,
left and center projection tubes each having a face, the
images on the faces of the right and left tubes being
formed in registry with the center of each correspond-
ing face for minimizing keystone distortion and maxi-
mizing luminance in the receiver, and a transmissive
screen for displaying a composite picture of images
from the tubes. A lens corresponding to each tube fo-
cuses the images from' the tube to form a coincident
image, and mirrors reflect the coincident image onto the
screen for viewing. A particular arrangement of the
lenses is described for substantially uniform luminance
on the screen and for a substantially symmetrical tem-
perature distribution on the faces of the tubes. It is also
preferred that each of the lenses corresponding to the
left and right projection tubes have an associated cen-
ter-line, and that the point of intersection of the center-
line of each of the right and left lenses with the transmis-
sive screen be offset by a fixed amount toward each lens
from the point of intersection of the center line of the
center lens with the transmissive screen. The angle of
inclination a’ between each of the right and left lenses
and the face of its corresponding projection tube, and
the angle of inclination a between the center-line of
each of the right and left lenses and the transmissive
screen preferably satisfy the equation:

1/m-tana=tana’

where m is the magnification of each respective lens.

4 Claims, 7 Drawing Figures
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PROJECTION-TYPE COLOR TELEVISION
RECEIVER WHEREIN THE CENTER LINES OF
RIGHT AND LEFT PROJECTION LENSES
INTERSECT A DISPLAY SCREEN AT POINTS

WHICH ARE OFFSET FROM A POINT AT WHICH

THE CENTER LINE OF A CENTER PROJECTION
LENS INTERSECTS THE DISPLAY SCREEN

BACKGROUND OF THE INVENTION

1. Field of The Invention

The present invention relates generally to a projec-
tion-type television receiver, and more particularly to a
receiver, wherein the rays of light of the images formed
on the three projection cathode-ray tubes for red, green
and blue colors are concentrated through lenses and
reflected by mirrors such that said images are projected
in registry on a transmissive screen.

2. Description of the Background Art

A conventional type of projection television receiver
is shown schematically in FIG. 3. A plan view of the
optics used in this TV receiver is shown in FIG. 4, and
the relationship between the screen of each of three
projection tubes and the images formed thereon is
shown in FIG. 5. The principles causing this particular
relationship are illustrated in FIGS. 6 and 7. The respec-
tive Figures are explained hereinafter.

An array of the three projection tubes is indicated at
1. Positioned at the center is a green projection tube 1G,

and a red projection tube 1R and a blue projection tube

1B are arranged on both sides in a row. A lens system is
indicated at 2. The lens system includes lenses 2G, 2R
and 2B disposed in front of the green projection tube
1G, red projection tube 1R and blue projection tube 1B,
respectively. A series of mirrors are indicated by 34, 35
and 3¢. The rays of light of the images formed on the
screens of the three projection tubes, 1G, 1R and 1B,
are concentrated through respective lenses 2G, 2R and
2B, and reflected three times by mirrors 3a, 36 and 3¢ in
such a manner that the rays are focused on a transmis-
sive screen 5 to display a composite picture of the im-
ages from the three projection tubes, 1G, 1R and 1B.

The central projection tube 1G produces a symmetri-
cal image on the transmissive screen 5, since the center
line 2Gs of the associated lens 2G is in alignment with
the center of the screen 5. Therefore, it suffices that the
image 7G is displayed in registry with the center of the
screen 6G of the tube 1G.

On the other hand, the right and left projection tubes,
1R and 1B, are disposed offset from the center of the
transmissive screen 5. Thus, if the lenses 2R and 2B are
disposed such that their respective center lines 2Rs and
2Bs are parallel to the center line 2Gs, the result will be
as shown in FIG. 6. In other words, if the images 7R
and 7B were displayed as indicated by the solid line in
FIG. 6 in such a manner that they agreed with the
centers of the screens 6R and 6B of the projection tubes
1R and 1B, the center lines 2Rs and 2Bs would become
positioned away from the center of the transmissive
screen 3. This would result in each of the images pro-
jected from tubes 1R and 1B onto tscreen 5 being devi-
ated from the image projected from 1G, as shown by
the solid line in FIG. 6.

In order to avoid this problem, images 7R and 7B
formed on the screens 6R and 6B must be offset from
their centers, as shown by the dashed line in FIG. 6,
such that each of the images projected on the transmis-
sive screen § is biased. In this case, the following rela-
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2
tionships exist among the focal length f of the lens 2, the

distance, a, between the projection tube 1 and the lens 2,
the distance, b, between the screen 5 and the lens 2, and
the magnification m:

1/a+1/b=1/f and m=b/a.

Each of the images formed on the projection tubes 1R
and 1B can be projected onto the transmissive screen 5
to form an image that is in registry with the image from
the tube 1G by directing the center lines 2Rs and 2Bs, as
shown in FIG. 5, toward the point of intersection be-
tween the center line 2Gs and the transmissive screen 5.
If this is done, each of the lenses 2R and 2B will be
inclined to form an angle 8 with the transmissive screen
S as shown in FIG. 7. In order to obtain focus on the
front face of the screen 5, the screens 6R and 6B, of the
projection tubes 1R and 1B must be inclined by the
following angle with respect to the associated lenses,
2R and 2B: 1/m tan 0=tan @'. Therefore, if images 7R
and 7S were formed on the screens 6R and 6B in align-
ment with their centers, as shown by the solid line in
FIG. 7, the magnifications of the images would become

different between the right and left sides. In order to
avoid this problem, the images 7R and 7B must be

formed in such a manner that they are offset from the
centers of the screens 6R and 6B as shown by the
dashed line in FIG. 7. At the same time, the difference
in magnification must be corrected by processing the
images 7R and 7B to a trapezoid form with a method
known as “keystone distortion correction”, that is com-
monly employed, as shown in FIG. 5.

This second method is chiefly used in the conven-
tional type of projection television receivers. This
method, however, has the disadvantage that an in-
creased amount of power is consumed by a conver-
gence circuit for correctng a keystone distortion, be-
cause the screen, 6R (6B), of the projection tube 1R
(1B) and the transmissive screen 5 are inclined with
respect to the lens 2R (2B) by large angles 8’ and 6,
respectively. In addition, the images 7R and 7B formed
on the screens 6R and 6B are biased from the respective
centers, so that the temperature distributions in the
screens 6R and 6B (or their faceplates) are not uniform
with respect to their centers. This causes a reduction in
the reliability of the faceplates, and also fails to make
effective use of the fluorescent screen. In order to deal
with the latter problem, the magnifying power of the
lenses 2R and 2B must be increased. However, this
causes the brightness of the transmissive screen 5§ to be
reduced, since the brightness is in inverse proportion to
the square of the magnification (m). Furthermore, the
lens 2R (2B) has different angles of view, 81 and 32,
with respect to the center lines 2Rs (2Bs), and this
makes the brightness of the image projected on the
screen S different between the right and left sides, since
the brightness on the screen § is related to cos43.

Accordingly, it is an object of the present invention
to minimize the occurrence of keystone distortion and
thereby reduce power consumption of the convergence
circuit in a projection television receiver.

Another object of the invention is to uniformly dis-
tribute the temperature on the faceplate of each projec-
tion tube with respect to the center of the tube and
thereby to improve tube reliability.

It 1s also an object of the invention to increase the
luminance on the transmissive screen. In addition, it is
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an object of the invention to make the image brightness
substantially uniform on both sides (right and left) of the
transmissive screen.

Additional objects and advantages will be obvious

4

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Reference will now be made in detail to the present

from the description, or may be learned by practice of 5 preferred embodiment of the invention, an example of

the invention.

SUMMARY OF THE INVENTION

To achieve the foregoing objects and advantages, the
projection-type television receiver of the present inven-
tion comprises projection tube means including right,
left and center projection tubes each having a face, the
tube means for forming images on the faces of said right
and left tubes in registry with the center of each corre-
sponding face; and a transmissive screen for displaying
a composite picture of images from the projection tubes.

Preferably, the receiver includes lens means includ-
ing an individual lens corresponding to each projection
tube for focussing the images from the projection tubes
to form a coincident image on the screen, and mirror
means including an array of mirrors aligned for reflect-
ing the coincident images from the lens means onto the
screen.

It 1s also preferred that each of the lenses correspond-
ing to the left and right projection tubes have an associ-
ated center line, and that the point of intersection of the
center line of each of the right and left lenses with the
transmissive screen be offset by a fixed amount toward
each lens from the point of intersection of the center
line of the center lens with the transmissive screen.

- The angle of inclination a’ between each of the right
- and left lenses and the face of its corresponding projec-

tion tube, and the angle of inclination a between the
center line -of each of the right and left lenses and the

transmissive screen preferably satisfy the equation:

I/m tan a=tan o’

~where m is the magnification of each respective lens.
The term “television receiver” is intended to mean a
television receiver, a monitor or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which constitute a part
of the specification, illustrate one embodiment of the
invention, and, together with the description, serve to
describe the principles of the invention. Of the draw-
ings: .
FIG. 1 is a plan view of the optics used in a projec-
tion-type television receiver according to one embodi-
ment of the present invention;

FIG. 2 illustrates the relationship between the trans-
missive screen, the screen of each of the three projec-
tion tubes, and the images formed on the screens:

F1G. 3 1s a side view of a conventional type of projec-
tion television receiver;

FIG. 4 1s a plan view of the optics used in the system
of FIG. 3:

FIG. § illustrates the relationship between the trans-
missive screen, the screen of each of the three projec-
tion tubes, and the images formed on the screens in the
system of FIG. 4:

FIG. 6 and 7 illustrates two aspects of the relationship
between the image on the screen of each of the right and
left projection tubes and the image on the transmissive
screen in the conventional system.
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which is illustrated in the accompanying drawings.
One embodiment of the present invention is hereun-
der described with reference to FIG. 1 which is a plan
view of the associated optics and to FIG. 2 which
shows relationship between the screen of each of the
three projection tubes and the images formed thereon.
As 1n the conventional type of projection television
receiver, an array of projection tubes 1 is composed of
a green projection tube 1G, a red projection tube 1R
and a blue projection tube 1B. The rays of light of the
images formed by the three tubes are concentrated by
lenses 2G, 2R and 2B and reflected thrice by three
mirrors to produce focused images on the transmissive
screen 3. The television receiver of the present inven-
tion differs from the conventional product in that the
point at which the center line of 2Rs (2Bs) of the lens 2R
(2B) intersects the transmissive screen 5 is offset toward
the respective lens from the point of intersection be-
tween the center line 2Gs of the lens 2G and the trans-
missive screen 5. In the embodiment shown in FIG. 1,
the amount of this offset is about 20 mm when the dis- -
tance between the lens 2G and the screen 5 is 1260 mm.
In the embodiment shown, the angle of inclination,
a’, between the lens 2R (2B) and the screen or face 6R
(6B) of the projection tube 1R (1B), and the angle of
inclination, a, between the center line 2Rs (2Bs) and the
transmissive screen S satisfy the expression, 1/m tan
a=tan a'. In this case, the angles of view, 8;and 83, on

the right and left sides of the lens 2R (2B) with respect
to the center lines 2Rs (2Bs) are substantially the same,

and the points on the screens or faces 6G, 6R and 6B
which are projected onto the center of the transmissive
screen S are 8G, 8R and 8B, respectively. As apparent
from FIG. 2, the central green projection tube 1G at-
tains alignment between the center line 2Gs and point
8G. However, with the red and blue tubes 1R and 1B,
points 8R and 8B are offset from the center lines 2Rs
and 2Bs.

Since the point 8R (8B) of the image 7R (7B) formed
on the screen 6R (6B) of projection tube 1R (1B) is
offset from the center of said screen, the uneveness
which conventionally develops in the gap between the
right (or left) edge of the image 7R (7B) and the adja-
cent side of the screen 6R (6B) is substantially elimi-
nated. In other words, the image 7R (7B) can be formed
in registry with the center of the screen 6R (6B). (In this
case, the keystone distortion correction is performed so
as to correct the difference in magnification between
the night and left sides on the screen 6R (6B).

Therefore, by offsetting both center lines 2Rs and 2Bs
with respect to the center line 2Gs, images 7R and 7B
can be formed on the screens 6R and 6B in registry with
their centers, and the view angles, 81 and 32, of each of
the lenses 2R and 2B can be rendered substantially equal
t0 each other.

As described in the foregoing pages, the projection
type television receiver of the present invention is so
constructed that the image formed on the screen of each
of the right and left projection cathode-ray tubes is in
registry with the center of that screen. This allows the
images to produce a symmetrical temperature distribu-
tion on the screen and eliminates the development of
thermal stress due to uneven thermal distribution,
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which is the cause of reduced reliability such as broken
faceplates.

The angle (a) between the center line of the lens
associated with each of the right and left projection
tubes and the transmissive screen is decreased by the
amount corresponding to the amount of offset of these
center lines from the center line of the lens associated
with the central projection tube. This allows for a cor-
responding decrease in the angle (a") formed by the
screen of each of the right and left projection tubes and
the associated lens. Also, in proportion as this angle o’
is decreased, the difference in magnification between
the right and left sides of each screen is also reduced.

This is effective in decreasing the difference in bright-
ness on the transmissive screen between its right and left
sides, and yields the advantages of a substantially uni-

form luminance on the transmissive screen and a mini-

mum keystone distortion on the screen of each of the
right and left projection tubes.

The second advantage leads to a smaller power con-
sumption by the convergence circuit intended for cor-
recting the keystone distortion and enables the optical
axis of each lens to align with the center of the associ-
ated projection tube. As a result, any distortion in the
lenses can be corrected accurately and adjustment for
convergence can be readily achieved.

The system of the present invention maximizes the
use of the fluorescent screen of each of the three projec-
tion tubes, thereby permitting the use of lenses having a
lower magnification (m). Since the brightness of the
transmissive screen is in inverse proportion to the
square of magnification (m), this is effective in provid-
ing a higher luminance and contrast on the transmissive
screen.

Various modifications and variations could be made
in the invention without departing from the scope or
spirit of the invention.

- What is claimed is:

1. A projection-type color television receiver com-
prising:

projection tube means including right, left and center

projection tubes each having a face, each of said
projection tubes being capable of forming an image
on its corresponding face, the image formed on the
face of each of said right and left projection tubes
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being in registry with the center of its correspond-
ing face;

a transmissive screen for receiving the images from
said projection tubes and for displaying a compos-
ite picture of said images; and

lens means, including right, left and center lenses
corresponding to said right, left and center projec-
tion tubes, for focusing the images from said pro-
Jection tubes onto said transmissive screen to form
said composite picture;

wherein each of said right, left and center lenses has
an associated center line, wherein the point of in-
tersection of the center line of each of said right
and left lenses with said transmissive screen is off-
set by a fixed amount toward the corresponding
lens from the point of intersection of the center line
of said center lens with said transmissive screen.
and wherein the center line of each of said right
and left lenses intersects said transmissive screen at
an angle of inclination a other than 0°,

2. The receiver of claim 1, further comprising:

mirror means including an array of mirrors aligned
tor reflecting the images focused by said lens means
to said transmissive screen.

3. The receiver of claim 2, wherein the angle of incli-
nation a’ between each of said right and left lenses and
the face of the corresponding projection tube, and the
angle of inclination a at which the center line of each of
sald right and left lenses intersects said transmissive
screen satisfy the equation:

l/m tan aa=tan '

wherein m is the magnification of the corresponding
lens.

4. The receiver of claim 1, wherein the angle of incli-
nation a’ between each of said right and left lenses and
the face of the corresponding projection tube, and the
angle of inclination a at which the center line of each of
said right and left lenses intersects said transmissive
screen satisfy the equation:

1/m tan a=tan ¢’

wherein m is the magnification of the corresponding

lens.
S x * - a5
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